Abstract
Introduction

53
Due to the tremendous growth of poultry industry over the past decades, the management and 54 disposal of livestock manure has become one of the top environmental issues at a global scale 55 [1] . An estimate by the United States Department of Agriculture (USDA) showed that farms 56 in the United States produce more than 335 million tonnes of dry matter waste annually [2] .
57
This huge amount of animal manure if not properly disposed of, may lead to air pollution due 58 to the release of gases such as hydrogen sulphide and ammonia [3] . The leaching of manure 59 by rainwater followed by runoff of the leachate, or the presence of pathogens in the manure, 60 could also potentially result in the contamination of soil and water resources, which 61 eventually will affect human health [1] .
63
In Singapore, there are three hen layer farms which cater for about one fourth of the total egg 64 demand, i.e., around 1.2 million/day [4] . These farms inevitably generate over 200 tonnes of Acesulfame, Saccharin, Cyclamate, and etc., in water streams pose a potential threat to 103 ecosystems because it is extremely persistent and resistant to conventional waste water 104 treatment processes [25, 26] . Its continuous introduction into the water environments has 105 caused an accumulation in many aquatic ecosystems. Previous studies have shown that AS 106 may change the physiology and locomotion of Daphnia magna [27] , and interfere with plant 107 photosynthesis [28] . However, since conventional approach is not very effective in the 108 removal of AS from water streams [29, 30] , there is a need to explore alternative methods In this work, the feasibility of applying the gasification technology for the on-site disposal of 115 chicken manure at hen layer farms is explored. The performance of the co-gasification 116 between chicken manure and wood chips is assessed, with the quality of syngas produced 117 being the indicator. The capability and mechanism of gasification-derived biochar in 118 adsorbing and removing AS from water are studied. Lastly, a cost-benefit analysis is 119 conducted to showcase the economic viability of the on-site application of gasification 120 systems at the farms. Overall, this work aims to show that gasification system as a whole is a 121 robust technology for waste reduction, energy harvesting, valuable solid product generation. 
Materials and Methods
124
Feedstock preparation
125
Chicken manure collected from a local chicken farm was first dried at 68 o C for 24 hours in a
Feedstock characterization
139
Proximate analysis and ultimate analysis were performed on chicken manure and wood chips.
140
For proximate analysis of feedstock, a Thermal Gravimetric Analyzer (TGA) ( work, a more complete schematic was proposed (process flowsheet in Figure 1 (a)) and details
174
were further outlined in Section 2.6 to allow a more thorough analysis of the deployment of 175 gasification system in hen layer farms.
Characterization of biochar
178
The morphological structure of the biochar produced from gasification was observed with a 179 scanning electron microscope (SEM) (JEOL JSM 5600LV analyses were also performed on biochar based on the procedures described in Section 2.2.
182
The pH of the biochar was determined with a SI Analytics Lab 870 pH meter by suspending 183 1g of biochar in 10ml of deionized water. The three species of artificial sweeteners (AS) of interest, acesulfame (ACE), saccharin
188
(SAC) and cyclamate (CYC), were purchased from Sigma-Aldrich Pte. Ltd., Singapore.
189
These three AS species were chosen as they are very commonly studied in research owing to Based on the design of the plant proposed above, a cost-benefit analysis for the deployment 249 of a gasification system in one of the hen layer farms is conducted following a similar scheme 250 employed by the study of You et al. [13] . The cost components involved in the gasification-
251
based disposal include the initial capital investment such as the facility and land costs, operating and maintenance (O&M) cost, woodchip cost, cost contingency, and external costs.
253
However, for the case of hen layer farms, the existing, spacious land space makes the land 254 cost negligible, that is, no extra land space needs to be purchased for the gasification system.
255
We consider to use commercial woodchips as co-gasification agents instead of existing Table   273 1.
275
Similar to the study by You et al.
[13], a triangular distribution with a lower limit, mode, and 
where S and S denote the designed facility capacity and base facility capacity, respectively.
285
Considering an operating time of 24 hours per day [38] , the yearly mass of chicken manure of O&M cost and the capital cost (i.e., the facility cost). It is assumed that the O&M cost 294 increases at a rate of 5% [40] . The price of wood chips is set to be triangularly distributed 295 with a lower limit, mode, and upper limit of 100, 150, and 200 US$/ton [41], respectively.
296
The cost contingency is considered to have a triangular distribution with a lower limit, mode, The net present value (NPV) is calculated as Eq. (5) 314
where is the net cash inflow during a year t; 0 is the total initial capital investment;
315
LT=20 denotes the life time of the gasification facility; is the discount rate and is set to be 316 triangularly distributed with a lower limit, mode, and upper limit of 1%, 8%, and 15%, to contain higher surface area, it was used for subsequent adsorption study. 
428
This could be due to the absence of the intra-particle surface diffusion owing to the large pore found that was the largest for SAC among the three species, indicating its high initial 
Adsorption isotherms of AS by biochar
464
As the adsorption isotherm is commonly used to define the characteristic of solid-liquid 465 adsorption process at equilibrium, the adsorption isotherm study was conducted. Figure 3( was estimated to be larger for ACE than CYC, indicating that the maximum adsorbed amount From Figure 5 , the pH at point of zero charge (pH pzc ) was approximately pH3.5 for both 527 deionized water (control) and AS. When pH> 3.5, zeta potential was negative, indicating that 528 the biochar surface charge was net negative. In general, with increasing pH, the zeta potential 529 became more negative, which suggests that the amount of negative charge increased with pH. could make the system to be 94.2% profitable with an average NPV of 44.2 million US$.
557
Increasing the overall electrical efficiency of the system serves to increase the energy income, 558 which could be achieved by increasing (1) the CGE of the gasifier and (2) the EF of gas Table 1 . The lower limit, mode, and upper limit of triangular distributions for cost-benefit analysis using Monte Carlo simulation. 
